Genome segment 10 of bluetongue virus (BTV) serotype 11 UC8 strain was cloned and subsequently hybridized to viral double-stranded RNA extracted from 90 field isolates of BTV serotypes 10, 11, 13, and 17; the prototype strains of BTV 2, 10, 11, 13, and 17; the prototype strain epizootic hemorrhagic disease virus (EHDV) serotype 1; and 4 field isolates of EHDV serotype 2. The 90 field isolates were obtained from different counties in California, Louisiana, and Idaho during the years 1979, 1980, and 1981. The cloned genetic probe hybridized with all the BTV samples tested, showing different degrees of cross-hybridization at the stringency conditions used in this study. This indicated that BTV genome segment 10 has conserved nucleotide sequences among the BTV serotypes 2, 10, 11, 13, and 17. No cross-hybridization signals were detected between the cloned genome segment 10 of BTV 11 UC8 strain and the prototype strain of EHDV serotype 1 and the field isolates of serotype 2. This probe recognized a wide variety of BTV isolates.
The genus Orbivirus of the family Reoviridae is divided into 12 serological groups, 2 of which are bluetongue virus (BTV) and epizootic hemorrhagic disease virus (EHDV). Bluetongue virus and EHDV serogroups cross-react in some serological tests and are considered a cluster of viruses. 7 Bluetongue virus is the prototype virus of the genus Orbivirus and contains a genome of 10 double-stranded RNA (dsRNA) segments 24 that code for 10 viral polypeptides.
The complete nucl e o t i d e s e q u e n c e s of R N A S l O o f BTV serotype 10 13 and Australian BTV serotype 1 8 have been determined. In both cases SlO consisted of 822 base pairs and showed regions of nucleic acid sequence conservation. 8 Molecular hybridization studies on the relationships between different strains and serotypes of BTV and EHDV have been done using RNA/RNA and DNA/RNA hybridization techniques. 2, 6, 9, 10, 12, 18, 19, 23 It was demonstrated that BTV 10 SlO was conserved within all BTV serotypes, showing different degrees of cross-hybridization between them. 1o No important differences in hybridization were detected between virulent and avirulent BTV strains of the same serotype. 11 In interserogroup studies among EHDV, BTV, and pata virus no cross-hybridization between SlO was found. 2 We have cloned BTV 11 strain UC8 S10, which was isolated from a deer in the United States and showed a greater virulence in mice 27 ropathology in newborn mice. 26 The objectives of this study were to determine the feasibility of a recombinant complementary DNA (cDNA) probe from gene segment 10 of BTV 11 strain UC8 for identifying field isolates of BTV, and to study the degree of genetic relationship between S 10 of a virulent strain of BTV 11 with the BTV prototypes 2, 10, 11, 13, and 17; prototype EHDV 1; field isolates from naturally occurring cases with BTV serotypes 10, 11, 13, and 17; and EHDV 2 by dot-blot hybridization.
Materials and methods

Virus and cells. The five prototype strains of BTV present
in the United States (BTV 2, a BTV 10, a BTV 11, a BTV 13, a BTV 17 a ), the prototype EHDV l, a 90 BTV field isolates, and 4 EHDV serotype 2 b,c field isolates were studied.
The 90 BTV field isolates studied were obtained from cattle, goats, sheep, and deer from different counties in California, Louisiana, and Idaho during the years 1979, 1980, and 1981. There were 20 isolates of BTV 10, 34 of BTV 11, 18 of BTV 13, and 18 of BTV 17. The viruses were isolated and processed as described previously. 16 The prototype viruses and the wild-type strains were replicated in confluent monolayers of VERO cells. The infectious material was harvested and centrifuged at 3,000 x g for 30 min; the cell pellet was stored at -20 C until the dsRNA extraction was done.
Viral double-stranded RNA extraction. The viral dsRNA was extracted from the infected VERO cells as described 3 and modified. 20 The dsRNA concentration was measured by the A 260/280 ratio.
Molecular cloning. The BTV 11 strain UC8 viral dsRNA was polyadenylated at the 3' ends using Escherichia coli poly A polymerase (0.3 units/µg of dsRNA). A double-stranded cDNA synthesis was done using a cDNA synthesis system. d The cDNA was inserted in the SmaI site of a dephosphor-de Mattos, de Mattos, Osbum Figure 1 . Hybridization of 32 P-labeled S10 clone to BTV 11 strain UC8 genomic dsRNA separated in 10% polyacrylamide gel electrophoresis. The 10 BTV genome segments were hybridized to viral RNA polyadenylated at the 3' end with 35 S-ATP that was added to the hybridization mixture. ylated pUC13 plasmid, e and competent Escherichia coli JM 105 cells were transformed and plated onto XGAL medium (5-bromo-4-chloro-3-indolyl-ß-D-galactoside). The recombinant plasmids were extracted as described,' digested with EcoRI and BamHI, and electrophoresed on a 1% agarose gel using a OX 174RF DNA-HaeIII digest as a molecular weight marker. The cloned genes were identified by hybridizing the 32 P radioactively labeled recombinant plasmids to a Northern blotted BTV 11 UC8 genome. To visualize all the 10 BTV genome segments, the viral dsRNA was polyadenylated at the 3' end with 35 S-ATP and added to the hybridization mixture. The hybridization conditions were the same as those described below under slot-blot hybridization.
Recombinant DNA probe. The recombinant plasmid was extracted as described. 4 The purified plasmid was cut with the EcoRI and BamHI enzymes, electrophoresed on a 1% agarose gel, and the insert was obtained by electroelution. The cloned gene was labeled by a standard nick translation reaction using 50 µCi of 32 P-dCTP with a specific activity of > 5 x 10 7 cpm/µg.
Slot-dot hybridization. A concentration of 250 ng of extracted viral RNA from each field isolate, the 5 BTV prototype strains, EHDV prototype 1, and EHDV serotype 2 field isolates was diluted in water to a final volume of 100 µ1. These were denatured by adding 60 µ1 of 20 x SSC (3 M sodium chloride, 0.3 M sodium citrate) and 40 µ1 of 37% formaldehyde and heated at 65 C for 15 min. The denatured viral dsRNA was dotted with a vacuum filtration apparatus' onto a nitrocellulose membrane of 0.45-µm-diameter pore size. Uninfected VERO cells, treated in the same way as the infected cells, were included as negative control. The filter membrane was first pretreated by soaking it in water and then in 15 x SSC. The RNA was fixed to the nitrocellulose membrane by baking it in a vacuum oven at 80 C for 2 hr. The filter was prehybridized for 3 hr and hybridized as described. 25 The cloned genetic probe labeled with 32 P-dCTP, with specific activity of > 5 x 10 7 cpm/µg and 4 x 10 6 cpm/ µg, was used for each 6 x 18-cm filter. The hybridization reaction was incubated for 16 hr at 42 C, with continuous shaking. The posthybridization washes were done as described. 5, 25 The membrane was autoradiographed at -70 C for 16 hr.
Results
Molecular cloning of BTV I I UC8 strain genome segment 10. Bluetongue virus 11 UC8 strain genome segment 10 was cloned into the SmaI site of pUC13 plasmid (Fig. 1 ).
Hybridization of UC8 SlO probe with BTV and EHDV isolates. A radioactively labeled clone from
UC8 BTV 11 SlO was hybridized to slot-dots of viral dsRNA from 90 BTV, 4 EHDV serotype 2 field isolates, prototype strains of BTV serotypes 2, 10, 11, 13, and 17, and EHDV prototype 1. The SlO clone crosshybridized with the prototype strains of BTV serotypes 2, 10, 11, and 17 equally well, showing a weaker signal with BTV prototype 13. No cross-hybridization was observed with EHDV prototype 1 (data not shown) and uninfected control VERO cells. At the specified stringency conditions, the UC8 cloned SlO showed different degrees of cross-hybridization with the 90 BTV field isolates tested in this study. The most important differences were detected among the samples from BTV serotype 10 (Fig. 2) , 11 of which had hybridization signals weaker than that obtained with the prototype strain. The hybridization results for the BTV 11 wild type strains revealed modest differences among them (Fig. 3) . Except for 3 samples, all the field isolates of BTV 13 exhibit a higher degree of cross-hybridization than that shown by the BTV 13 prototype strain with UC8 S 10 clone (data not shown). No major differences in the intensity of the signals were observed among the BTV 17 field isolates (data not shown). There was no cross-hybridization of the cloned S 10 of BTV 11 UC8 with the EHDV serotype 2 field samples (data not shown).
Discussion
Genome SlO of BTV 11 strain UC8 was cloned and hybridized to the viral dsRNA extracted from the BTV prototype strains of the serotypes present in the US: field isolates of BTV serotypes 10, 11, 13, and 17; the prototype strain EHDV 1; and field isolates of EHDV serotype 2. The size of our S10 clone was in agreement with the size corresponding to the previously described S10 full-length clones from BTV 10 10,13 and BTVl. 8 The S10 clone hybridized with all BTV samples tested, showing different degrees of cross-hybridization at the stringency conditions used in this study. This confirmed that BTV S10 has conserved nucleotide sequences among the BTV serotypes 2, 10, 11, 13, and 17, as reported earlier. 8, 10, 12, 17 The SlO appeared to be conserved, similar to the 2 other genes, S6 and S8, 9, 10, 23 that codify for NSl and NS2, the other 2 BTV nonstructural proteins. The function of the product of S10 (NS3) is not known, but it may play a role in BTV replication and morphogenesis. 8 The visual comparison of the intensity of the hybridization signal has been used previously to estimate the genetic relatedness of the BTV genome segments among many different serotypes. 9, 1017, 23 By using an RNA/RNA hybridization technique others 12 found that S10 of prototype 10 was the least conserved genome segment among the 5 US BTV prototype strains. However, our probe hybridized equally well with the US prototypes 2, 10, 11, and 17, but more weakly with BTV prototype 13. The reasons for these differences may include the strain of virus from which S10 was cloned, the use of different hybridization systems, and the different stringency conditions used in these 2 studies.
The majority of the bovine and ovine BTV 10 field isolates studied were isolated in California, 2 from Louisiana, and 1 from Idaho, in the years 1980 and 1981. 16 Eleven isolates had a hybridization signal weaker than that of the prototype strain. Bluetongue virus prototype 10 was isolated for the first time in California in 1953. 14 The differences found in the hybridization pattern of BTV 10 isolates with the prototype strain may reflect the accumulation of point mutations and/or recombinations that may have occurred in BTV SlO over the last 27 years as suggested by others 22 or it could be attributed to reassortment events as has been described. 15, 21 A similar explanation is applicable to the modest variation in the intensity of the hybridization signals obtained with the field isolates from the serotypes 11, 13, and 17. Of particular interest is the variation in hybridization signals found among the field isolates of the same serotype obtained in the same county and year and, in some instances, from the same farm. This variation suggests that at least 2 different variants of BTV S10 were circulating concurrently in nature.
No cross-hybridization signal was detected between BTV 11 UC8 S10 with prototype EHDV 1 and EHDV serotype 2 field isolates. Our results agree with those of workers who compared BTV 10 with EHDV and other members of the Orbivirus serogroup by RNA/ RNA hybridization. 2, 6 This indicates that the BTV S10 product would not be responsible for the serological cross-reactivity exhibited for BTV and EHDV serogroups.
Clone S10 is a highly effective group-specific hybridization probe for identifying BTV in field isolates under the condiitons described herein. The slot-dot hybridization technique using clone S10 is an effective and efficient alternative method for the group specific identification of BTV in field isolates.
